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Abstract 

1«  The  ballistic  coefficif^uts  of  Caliber  0,50  aircraft  ajwmurition  of 
wrrent  production  show  satisfactory  uniforMity  nrong  different  lot-,  o:;  t':.:. 
some  manufacturer  and  among  different  manufacturers.  The  xoniforirdty  o2 
Caliber  0,30  aircraft  ammunition  of  current  production  is  excellent, 
average  of  various  typos  of  bullets  of  all  manufacti^rers  aret 


Bullet 


Caliber 

Average  C5  all 
manufacturers 


0<i50 

Standard  Devia¬ 
tion  between 
manufacturers 


Caliber 
Average  all 
manrxfacturers 


0,30 


ay  ■ 

ta: 


tior  bf 


API  wa 

*439 

.006 

AP  M2 

*45S 

.006 

.256 

Tracer  Ml,  steel  jacket 

,449 

.012 

.301 

Incendiary  Ml 

,414 

.009 

2.27 

Ball  M2 

.006 

OKO 

,oa', 

,005 

.OCO 

.003 


2o  The  ballistic  coefficient  is  rather  sensitive  .Ve  the  blun-tnecn  of  t. 
bullet*  s  nose,  and  to  the  shape  of  its  boattoil.  For  0  1;  '.^r  O.50  bull  et;-, 

increasing  the  diameter  of  nose  above  its  present  spocl  ;  •  tion  vali-c  by  .,0" 
inch  will  decrease  the  bollistic  coefficient  by  about  39;  for  CcjJber  0<,d'" 
bifLlets  a  similar  increase  in  nose  d;lamotcr  will  docner,’  '  t’  0  0.0; 

ficlent  by  about  5^«  Bounding  the  edge  of  tho  beott''.il  rf  bi.jllet  y:,p:„,r.- 

to  decrease  its  balllstl.c  coefficient. 


a.  The  ballistic  coefficient  of  a  tracer  Is  ir'creareb  by  t!'.e  firrii'-- 
tioning  of  the  tracer.  For  Caliber  0,50  tracer  t;ic  increase  1t;  Is  abou.,  tOf 
for  Caliber  0,30  tracer  this  increase  ;ls  about  35?-. 


3,  The  effect  on  the  ballistic 
various  errors  which  ooci-ir  durivig  r; 
errors  considered  are  in  moanurlug 
the  time  measurements,  in  the  wind  ■ 
the  effect  of  yaw.  The  inflisoncc  o: 
tbs  spacing  of  the  pich-up  devices j 
devices,  such  as  tra  solenoid  coils 


coefficient  of  a  Caiiher  0,50  bull  at.  •'=f 
-ge  firings  has  beo'n  l-Rvestlgrted ,  The 
dlctnnocn  between  pick -Tip  dovie*’n_^  In 
Aooity,  in  the  relative  air  douoi-hy,  f.nd 
the  first  two  errors  depends  viarhedlgr  en 
it  is"  at  a  minimum  when  the  three  plu'.-up 
■.nd  a  target  screen,  are  efiuall.y  sp-  '  i , 


Mfc^  aauuuMtion  to  St  v/ith.  rire 

equipment  must  not  depart  irvidely  from  the  ballistic  aata-in  the 
comirating  sights.  I'he  ammiinition,  >.herefor@^  must  be  baliistl- 
caily  uniform^  and  be  loaded  to  specified  velocities*  The 
metiiod  of  loading  aaimunition  tc  achieve  a  speciflea  velocity  in 
a  machine  gun -with  a  ^  if  A  e  functioaing  lies  outsiu©  of  the  scope 
of  the  present  Report  which  deals  only  with  the  ballistic  uni- 
formity  of  the  bullets. 


2.  To  heap  a  check  on  the  ballistic  uniformity  of  currently 
produced  bullets  the  Ballistic  Research  Baboratory  was  requested 
by  the  Chief  of  Ordnance-*-  to  conduct  firings  for  determination  of 
the  ballistic  coefficients  of  small  arms  bullets  of  current  pro¬ 
duction  intended  for  aircraft  use.  S'or  this  purpose  all  manu¬ 
facturers  were  required  to  forward  to  the  Research  Center  50  round 
samples  each  m<3iith  of  specified  types  of  bullets  manufactured  by 
them  for  this  ballistic  test. 


3.  This  Report,  is  based  on  the  results  of  these  firings.  'I'o 
date  firings  have  been  completed  with  187  lots  of  Caliber  0.50 
ammunition  received  from  11  different  manufactm-ers^  113  lots  of 
Caliber  0.30  ammunition  have  been  fired  from  9  manufacturers. 

4-.  In  part  A  of  the  Report  a  method  used  at  Aberdeen  is 
described,  for  determining  the  ballistic  coefficients  of  aircraft 
ammunition.  Part  B  contains  data  on  the  effect  upon  a  ballistic 
coefficient  of  minor  changes  in  a  bullet' s  design.  In  part  C 
the  effects,  on  the  ballistic  coefficient  of. a  Caliber  0.50  bullet, 
of  various  errors  which  occur  during  range  firings  ai\e  discussed. 


A .  Determination  of  Ballistic  Coefficients. 

1.  At  the  Ordnance  Research  Center,  the  ballistic  ooeffi- 
cients  of  small  arms  bullets  are  usually  determizied  from  range 
firings.  These  firings  are  conducted  by  the  Braall  Arms  Branch 
at  their  outdoor  range  at  Michaeisviiie. 

These  firings  consist  of  measuring  the  initial  velocity  of 
a  buJLlet  and  its  time  of  flight  to  a  target.  Two  piclc-up  devices 
w'hich  might  be  either  solenoid  coils,  or  Aberdeen  screens,  are 
placed  100  feet  apart  v»rith  the  mid-point  78  feet  from  the  mui-ale, 

A  target,  an  8x8  foot  vare  mesh  screen,  is  placed  60G  yards  from 
the  gun.  The  times  of  flight  of  the  bullet  between  the  two  picm-up 
devices,  which  will  be  called  simply  '-coils*',  ana  the  first  coil 
and  a  target  are  measured  by  tv/o  R.C.a.  Counter  Chronographs.  The 
surface  wind  is  recorded  for  every  round.  It  is  measured  by  a 
portable  sinemomater  which  is  located  200  yards  from  the  firing 
house.  Surface  air-temperature  on  the  range  is  also  recorded  at 
frequent  Intervals. 

^  Letter  00  '471/3138$,  IS  Mov„  43. 
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2*  In  eoapii1E^|'"'Mllls'^ic  coefl'Ments  froas  nange  firing 
data?  it  nas  been  foimd  froia-experieiice  tha'u  for  the  relatively 
short  ranges^  up  to  1000  yards  for  Gaiider  0^50  buXle^s^  the  us© 
of  the  3/2  power  law  of  resistance  for  ail  sraaii  arias  bullets  is 


amply  adequate.  Although  it  is  Itnown  that  complete  resistance 
functions  for  various  types  of  bullets  do  difler,  especially  in 
the  neighborhood  of  sonic  velocity^  at  short  ranges  tne  .bullet's 
velocity  remains  considerably  above  the  velocity  of  soianci^  and 
under  these  conditions  the  choice  of  the  appropriate  resistance 
function  for  a  given  bullet  is  not  critical. 


The  advantage  of  using  .the  3/2  law  in  the  reauction  of  range 
firings  described  above  is-  that  the  ballistic  coeffici 'Ut  can  be 
expressed  by  an  algebraic  foi’uiuia  as  a  function  of  t iu!  average 
veiocity  of  tne  bullet  between  the  coils,  which  is  ta  -n  as  equal 
to  its  instantaneous  velocity  at  the  mia-point,  uau  the , -o  of 
flight  of  the  bullet  from  this  mid-point  to  tne  target,  na  is 
shown  in  BRL  Report  346,  the  3/2  law  of  resistance  agrees  v.^ch  the 
tabulated  drag  function  between  velocities  of  2930  f/s  ana- 

1650  f/s.  Integration  of  the  equations  of  motion  of  the  bullet, 
using  the  oiacci  approximation  with  the  3/2  law,  leads  to  the 
following  expression  for  the  ballistic  coefficient: 


Where  p  is  the  relative,  air  density  in  units  of  ,07513  lbs.  per 
cu.  ft.,  p  is  the  !Blacci  distance  along  the  tangent  to  the  tra¬ 
jectory  expressed  in  units' of  1000  feet,  and  is  the  Siacci 

pseudo  velocity  along  this  tangent  expressed,  in  units  of  1000  f/s. 
This  ballistic  coefficient  is  legitimately  designated  as 

because,  for  practical  purposes,  when  the  bullet’ s  velocity  is 
between  the  above  limits,  the  ballistic  coefficient  computea  by 
above  formula  is  numerically  indistinguishable  from  that  com¬ 
puted  from  the  ordinary  tabulated  f'onction.  The  two  might 

differ  by  about  one  part  in  four  hundred. 

For  computation  of  the  ballistic  coefficients  from  range 
firings,  one”  replaces  p  by  the  actual  range  R,  and  by  the 

measured  velocity  v.  For  the  instrximentation  described  above  let^ 

X  =  distance  betvjeen  coils 

fi  =  aistance  between  first  coil  ana  the  target 
t, =  time  of  flight  of  bullet  between  coils 

time  of  flight  between  first  coil  and  tho  target^ 


Heiicei  the 


Rf  =  R  ...  fx 

t>  ~  t  -  . 

expression  ior  the  ballistic  coeii’icient  becomes* 


0^ 


where  v  ==  5  .  If  the  mia-point  of  coils  is  at  78  feet  from  the 

muzsle  then  v  is  called  Instriomentai  \  elocity.  After  is  found 
the  muzzle  velocity  is  given  by  ■ 

(2)  =  V®  +  where  P  is  the  distance  from 

5 

the  muzzle  to  the  mia«-point  of  the  coils. 


If  Yn’ina  is  preserit  and  w  be  the  range  vn'ind  in  units  of  1000  f/s 
anu  if  it  be  regax-’dea  positive  if  blowing  in  the  airection  of  the 
motion  of  the  bullet,  thexi  to  correct  for  the  effect  of  wind  one 
replaces,  in  eq.  (,1),  ft'  by  R*  ~  wt’ ,  ana  v  by  v  -  w. 


3.  In  addition  to  the  approximatioiis  of  replacing  p  by  R 
and  by  v,  whicn  for  short  ranges  are  entirely  justifiable, 

equation  (1)  involves  two  more  approxiraations,  (a)  the  average 
velocity  betv/een  coils  is  equal  to  the  Instantaneous  velocity  at 
the  mid-point,  ana  (b)  the  correction  ^t^^  is  equal  to  the  time  of 

flight  of  the  bullet  from  the  first  coil  to  the  mia-point.  It  can 
be  easily  shown  that  for  the  Caliber  0.50  biiLiet  whose  ballistic 
coefficient  is  ,450,  aiid  whose  velocity  at  tne  first  coil  is 

2800  f^s,  the  difference  betw'een  the  average  velocity  between 
coils  V,' and  the  velocity  at  mia-point  v^^  is 


—  2 

Vj^  -  V  =  4.3  X  f/s^vihere  x  is  the  coil  separa¬ 
tion  in  units  of  lOOQ  feetj  also  the  difference  between  tj^  and 
the  time  of  flight  to  mia-point  t^^^  is  approximately 

milliseconds.  I'he  effect  of 

these  approximations  on  the  ballistic  coefficient  of  the  above 
bul.let  is  illustrated  in  the  following  table  for  various  coil- 
separations: 
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REbl'KlCTIiiD 


coefficient 
Range  30U  yaras 
+  .0003 

,0014 


. . :sw . , 

using  'Evl*  (i) 
600  yarns 

+  =UUOO 

.  0003 


.0068 
+  .0382 


.0u6i 
.  0166 
+  .0338 


At  a  range  of  600  ■  yards,  with  :dur  usual  coxi  separatioh  of 
100  feet  the'  effect  of  these  apijroxiiuations  is  xiegiigibly  Siuail. 
But  as  will  be  Siiown  xacei'  equation  (1)  can  be  easixy  transforned 
so  as  to  avoid  even  these  •  approximations. 

4,  Th§  baliistic  coefficients  of  various  Caliber  0.50  aiid 
Caliber '0 1, 30  bullets  from  samples  of  current  proauction  lots  are 
suiamariaeu  in  labies  X,  ana  li  .  With  the  exception  of  hPl  jh8 
builetbp  eacn  en,try  in  Tables  I,  and  li  is  the  average  ballistic 
coefficient  based.  Oh  I'lVe  rounus  fireu  from  a  particular  lot. 

For  ARI  MS  ■  buifets  each  entry  is  based  on  ten  rouiids.'^ 

'  Ail,  bullets  v/hich  coula  be  magnetised  to  activate  solenoid 
coils  were  fired  through  coils.  Caliber  0.50  incenaiary  Mi,,  giid- 
ihg  metal  jacketed  tracer  Mi,  and  until  recently,  bail  M2  could 
not  be  sufficiently  magnetized  and  were  fired  through  Aberdeen 
screens-  pf  Caliber  0.30  bullets  only  AP  M2  bui.lets  were  fired 
through  coils < 


As  has  been  shown  in’BRL  Memo  Report  240  the  ballistic  coef¬ 
ficients  of  bullets  as  inferred  from  firings  through  ^'.berdeen 
screens  are  systematicaliy  iov/er  than  those  found  from  firings 
through  solenoia  coils.  For  Caliber  0.50  AP  M2  bullet  this  aif- 
ference,  (solenoids)  minus  C^  (screens),  was  fouhd  to  be  about 

.02,  but  it  .varied  from  .017  to  .025,  probably  dejjenaiixg  oxi  the 
thickuess  of  tinfoil  of  the  screen.  This  difference  is  determined 
anew  at  each  firing  by  inciuaing  a  stanaaru  IxP  m2  lot.*-^ 

A  study  of  tne  effect  of  screens  was  made  only  for  Caliber 
0.50  Ap  M2  bullet.  However,  firings  with  Caliber  0.50  steel 
jacketed  tracer  Ml,  which  couiu  be  firea.  througxi  coils  and  screens,, 
have  shown  that  txie  effect  of-  screens  on  tnis  Duiiet  is  the  same  as 
on  tne  •‘--P  ri2  buiiet.  it  was  asstuuea,  tnerefore,  taat  tne  same 
correction  would  apply  to  bail  ana  j.ncexidiary  bullets. 


The  names  of  the  manufacturing  plants  have  heen  omitted  In  order  not  to 
raise  the  classification  of  this  report  and  thus  limit  its  accessibility. 

Instead,  the  plants  are  named  by  letters  A,B,9, •> .etc.  The  names  of  the  plants 
can  bo  supplied  upon  official  request, 

**Th6ra  appears  to  be  little  doubt  that  Aberdeen  screens  cause  the  bullet  to 
slovx  down.  For  Caliber  0.50  AP  liB  bullet  when  fired  at  600  yards  range  through 
Aberdeen  screens  the  observed  delay  in  time  of  flight  is  about  5  milliseconds. 

A  drop  in  bullet’s  velocity,  in  passing  through  the  screen,  of  It  f/s  contri¬ 
butes  only  0,5  millisecond  to  this  delay.  Tho  remaining  portion  may  be  due  to 
an  Increased  yav/  of  the  bullet  Induced  by  the  screens,  or  to  an  increased  blunt¬ 
ness  of  bullet’s  nose.  The  increased  bluntness.  may  be  caused  by  part  of  the  tin¬ 
foil  of  the  screen  sticking  to  bullet’s  nose,  Ko  direct  experimental  evidence  ^ 
aphilablS  to  substantiate  either  of  these  possibilities.  However,  studies  of  the 
offset  of  bluntnese  of  bullet’s  nose  on  its  ballistic  coefficient  indicate  that 
if  tv/ice  the  thickness  of  the  tinfoil,  about  „C05  inches,  is  folded  arorad 

bullet’s  noiw,  the  bullet-  will  be  slowed  down-,  by  the  observed  amount.  ..  . 

-  0  ”  iiAoltixwi'mh 


For  Caiitofer  0^.30  buiiets  a  Biiaiiar  corx’ection  for  biie  effeat 
of  screens  nas  been  deteraineci  from  firings  witr.  a  standard 
Caliber  0.30  nP  A2  lot. 

Ail  ballistic  coefficients  in  Tables  ana  II  have  been  re¬ 
duced  to  solenoid,  coils  as  stanaara.  .  ' 

All  firings  were  Vifitla  new  or  onl.  slightly  worn  M ami  barrels 
For  Caliber  0.50  aiiuaunitioh  36"  barrels  were  .useaj  24"  barrels 
>.'sra  used  for  Caliber' 0.30  amunition. 


Tabid  I  . 

.  buoaiary  of  the  ballistic  coefficients  (C^)  of  Caliber  O.50 
bullets  of  cux'rent  production; 


Ordnance 


Plant 

API  M8 

A  P  Mi  2 

A 

.468 

.454 

/ 

.467 

B 

*432 

.459 

.432 

•  454 

• 

•  a32 

.439 

.433 

•  452 

.  .428 

.456 

.420 
.422 
.421 
.422 
.  424 

.451 

C 

.439 

.430 

.432 

.438 

•  440 
.443 
.440 
.44'4 
.442 

.439 

•  439 

D 

.437 

.439 

.450 

.437 

•  456 

•  432 

•  438 

.434 

.432 

Traceiv  jAI 

steel  jacket ,  Incendiary  Ml 


.403 

.413 

.43s 

.405 

•  434 

.  40s 

•  4 

.408 

•  444 

.398 

.415 

.4b  6 

.411 
.  410 
« 40V 


.467 

.4OV 

» 43  ^ 

.403 

,461 

.410 

.  ^58 

Bail  M2 


£ 


.447 
.  448 
.  431 
.450 


.431 

.435 
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Table  I,  (Continuea) 


Ordnance 

Plant 

iiPI  j48 

iip  i42 

Tracer  i4i 
ateeJ.  jaci^et 

Incenarary  Hi 

Jball  ;^i.2 

F  . 

.  45  ^  •• 

.4^3 

.  455 
,482 

.459 

G 

.439 

.429 

.458 

,45s 
•  482 
.462 
.459 
.451 

.405 

.406 

-.■.453 

•  449 
,481 
.485 
.458 
.482 

H 

.454 
.460 
.  449 

.453 
*  4-^4 
,L,bl 
.480 

.  448 

o426 

.450 

.424 
.  4^4 

•  421 
.420 

*  423 
.  424 

.483 

.457 

.484 

.455 

.472 

.470 

I 

.454 

,460 

•  458 

.459 

.460 

.440 

.437 

.445 

.486 

.482 

.453 

.467 

.474 

•  458 

.  4^'4' 

.  4'43' 

.238 
.438 
.  442 

.438 

.428 
.  423 
.430 

j  ’’i . 

9 

•  425 

J 

.453 

.459 

.486 

.459 

.  448 
•  475 

..  399 

.405 

.408 

.4I8 

K 

.486 

.481- 

.458 

.462 

.48! 

.460 

9  484 

.454 

.458 

Ksan 

.439 

.458 

.  448 

e  ^i>l  <4 

,480 

Mo. of  lots  43 

48 

22 

32 

19 

„  7  „ 


irlEbl'iiX  0 


■labie  I  (Uoutimieaj 


Giiaing  iaetal-  jacketeu  Tracer  Ml 


.V/7 

.473 

.464 

•  4^^  ! 

.460 

.521 

,498 

Square  base  luceauiary  Mi 

.354 

.361 

.353 

,  ,.347 

Tracer  MiO 

steel  jacket  gilding  metal 

•449  •463 

•  444 
.437 
.457  , 

.452 

.436' 

.452 

,450 

.456 

•  447 

.  446 
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HkbTRIGTkD 


I'able  IL 


•iju/iiittary  oi’  til©  uueil'icx 

b\iii.ets  of  current  proauction. 


s’Tts  (G-)  of  Caliber  0.30 
b' 


Ordnaiice 


Plant 

AP  i42 

Tracer  i41 

Inceiiaiar-y  >'41 

Ball  J' 

:  A~  - 

.  261 

.  292 

.250 

.260 

.292  . 

.252 

.  263 

. 311  -  ■ 

.250 

.  262 

.308 

.  248 

.259 

.305 

.251 

B 

.257 

.224 

.243 

.253 

.232 

.248 

.258 

.227 

.  243 

.261 

.228 

-245 

.22Q 

.  248 

.250 

C 

.259 

.288 

.  244 

.259 

.  .304 

0  ''i  i 

.245 

.253 

.283  . 

•  225 

•  245 

.  265 

.227 

.247 

.255 

D 

.255 

.305 

.253 

.258 

.307 

■ 

.251 

.255 

.305 

.254 

E 

'  -260 

.253 

.  260 

-.253 

.261 

.253 

.263 

.256 

.261 

.252 

F 

.247 

.  312 

.253 

.247 

.308 

.250 

.250 

.308 

.252 

.  246 

.298 

.250 

.257 

.305 

« 

.251 

G 

.253 

.295 

.250 

.258 

.293 

.250 

.253 

'  .295 

.252 

.251 

.299 

.252 

.250 

.298 

.251 

.252 

.  .254 

H 

..257 

.294 

-249 

.  254 

.304 

.253 

.255 

.299 

.257 

.  251 

.309 

.255 
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Table  II  (Continued) 

Ordnance 


Plant 

AP  M2 

Tracer  Ml 

Incendiary  Mi 

Ball  M2 

I 

.  248  . 

.  k4^ 

.246 

.247 

i'^ean 

..  256 

.  301 

.227 

.250 

No. of  lots 

36 

25 

9 

43 

For  Caliber  0.50  aimaunition,  the  ballistic  coefficients 
show  satisfactory  xiniforraity  aniong  different  lots  of  the  same 
manufacturer,  and  among  different  manui'acturers.  The  high  aegree 
of  uniformity  is  shov/n  by  the  small  staiiaard  deviation  of  the  mean 
C^’s  of  individual  manufacti'rers  about  the  mean  C^  of  all  manu- 

facturers: 

Bullet  ,,  Average  C-  s.d.  between  Uo,  of 

all  manufacturers  manufacturers  manufactixrers 


API  M8  .439 
AP  ii2  ■■■  .458 
Tracer  Ml,  steel  jacket  .446 
Incendiary  Ml  .414 
Ball  M2  .460 


Tracer  ammuij,ition  is  somewhat 
is  to  be  expected,  since  the  ball^ 
ing  tracer  is  higher  than  that  of 
value,  therefore,  is  likely  to  be 
burning,  of  the  tracer  mixture,  vh 
variations.  It  has  been  noted  aj 
larger  variations  in  blmtness  of 


.006  6 

.006  11 

.012  5 

.009  7 

.006  4 


more  discordant.’  Probably  this 
.Stic  coefficient  of  a  function- 
a  non-functioning  tracer.  Its 
influencea  by  the  rate  of 
Lich  might  be  subject  to  some 
•SO  that'  tracer  buiiets  show 
nose  between  manufacturers  than 


other  bullets, which  contributes  toca larger  dispersion  of  their 
ballistic  coefficients.  ' 

Caliber  0.30  amm'unition  shows  excellent  uniformity  among 
different  lots  of  'the  same  manufacturer  and  among  aifferexit 
manufacturers; 


Bullet 


AP  M2 
Tracer  Ml 
Incendiary  Ml 
Ball  M2 


between 

facturers 


No.  of 

manufacturers 


Average 

all  manvifacturers 


.256 

.301 

.  227 
.250 


004  8 

005  6 

003  .  2 

003  9 
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HBbT RIOTED 


K .  The  effect  on t ne  bitlJ._i.j5 tic  _ coei'ixclentti  of  small 
ai-ms  bxilXets  of  smari  chanS’es  ‘  in~th^l3ulXet 
eriect  or  tracer. 

In  the  iiiasa  jrouuction  or  bixLietSj,  siaaii  aiil erencei;  between 
indiviaual  bullets  inevitably  occur.  Within  a  given  yiant  tnese 
differences  arise  priiicipaliy  from  wearing  of  macnineryj  betvveen 
different  plants^  however the  uifferences  may  arise  from  insuf¬ 
ficiently  precise  specifications,  as  an  example^  the  diameter  of 
the  nose  of  a  bullet  is  specified  in  the  drawing  only  by  its  maxi- 
muia  value.  Thus  certain  CaiiDcr  Q.50  bullets  of  current  production 
were  encountered  Vvhich  varied  from  .08  to  .16  iiiches  in  noss-aiamete 
The  shape  of  the  edge  of  the  boattdill  is  not  specifiea^  with  a  re¬ 
sulting  and  consiaerable  variation  among  bullets  of  the  same  iot^ 
as  v/ell  as  among  different  manufacturers. 

1.  An  excellent  illustration  of  z&alx  variations  in  shapes 
among  bullets  belonging  to  the  same  lot  is  to  be  found  in  the  sum¬ 
mary  of  measureiaents  by  the  Inspection  Gauge  ouboffice^  of  four 
types  of  Caliber  0. 50. bullets.  About  forty  bullets  were  measured 
of  each  type.  The  follovtung  summary  is  tamen  from  this  letter. 


”  i^O'I'EO  OH  .  50  Call .  xHiiOR  PlEftOiHG 

Bluntness  or  diameter  at  int.  of  raaii  varies  from  .122  to  .I47 
approximately. 

ineasurement  from  point  to  inters ecti'.jn  of  radii  varies  from  .020 
to  .031  approximately. 

Radius  of  nose  varies  from  .100  to  .130  approximately. 

Depth  cannelure  varies  from  .007  to  .012.  Angles  on  cannelure  are 
irregular  but  vary  generally  from  5°  to  10®. 

Diameter  core  appearing^  varifes  from  .070  to  .180. 

Depth  from  base  to  core  varies  from  .028  to  .050. 
feints  are  flattened  up  to  .006  and  flare  at  the  side  up  to  .OO4, 
due  to  insertion, in  Case  by  pressure  on  point. 

Radius  or  chamfer  on  base  varies  to  such  an  extent  that  it  is  im¬ 
possible  to  give  a  general  description  regardiiig  condition, 

'  '  -  H0TE6  OK  .50  CiiL.  TRaCER  CARTRiDGEB 


Bluntness  or' diameter  at  intersection  of  radii  varies  from  .120 
to  .150. 

Measurement  from  point  to  intersection  of  radii  varies  from  .012 

to  .029. 

Raaius  of  nose  varies  from  .124  to  .166. 

Depth  cannelure  varies  from  .004  to  .010. 

The  chamfer  or  radius  on  the  base  and  its  point  of  origin  are  so 
irregular  that  no  approximate  worthwhile  description  can  be  given, 
Due  to  pressure  on  the  poixit  when  inserted  in  the  case,  these 
cartridges  have  a  flat  on  the  nose  up  to  .OO4  and  flare  out  on 
the  ogival  radius  up  to  .004. 


Letter  IGO  413.6/30406,  22  November  1943. 


REoTRIO'fED 


5o-'cn.  /■ 

Biuritness  or  aiaiueter  at  interBection. of  raaii  varies  from  ,ii6 
to  .144*  '  '  .  ' 

Measurefflent  from  point  to  inter section  of  rauii’  varies  from  .025 

tirO  a  0^4  • 

Raaius  of  nose  varies  from  .078  to  .090. 

Depta  cf  front  cannelure  varies  from  .002  to  .010. 

Depth  of  bacK  cannelure  varies  from  .004  to  .010. 

Boattail  radius  where  it  is  uupaintea  averages  approx.  .170, 

Points  are  flattenea  up  to  .006  from  pressure  on  them  when  in¬ 
serted  into  the  case. 

Radius  of  chamfer  is  too  variable  to  give  a  worthwhile  general 
statement  on  the  condition. 

Ogive  flares  up  to  .005  at  point  causea  by  pressure  on  the  point 
•vvhen  inserted  into  the  case,  hote  -  All  Incenaiary  cartridges 
should  be  insertea  in  case  by  pressure  on  the  ogive. 

■'  NOTBB  ON  .50  CaJj.  BaDIj  Caftl'RIDGEB 

Bluntness  or  diameter  at  intersection  of  radii  vari^from  .118  to 
.137. 

Measurement  from  point  to  intersection  of  radii  varies  from  .019 
to  .035. 

rtadius  of  nose  varies  from  .090  to  .122  approximately., 

Boattail  radius  where  the  cartridge  is  unpainted  averages  approxi¬ 
mately  .160,  however,  paint  on  cartriage  often  produces  a  step 
of  two  to  three  thousandths. 

The  chamfer  or  the  radius  and  its  point  of  origin  are  so  irregular 
that  a  general  statement  of  conaitions  is  almost,  possible.' 

Diameter  core  appearing  varies  from  .090  to  .210. 

Deptn  from  base  to  core  varies  from  .039  to  .053. 

The  point  is  flattened  up  to  .005  and  there  is  a  flare  up  to  .004 
on  the  ogive  due  to  pressure  on  the  point  when  insertea  into 
the  case.  " 


These  differences  were  foiuad  among  bullets  belongiiig  to  the 
same  lot.  A  mean  value  of  a  given  variate  might  be  -aifferent 
for  another  lot  and  among  different  manufacturers. 


2.  Change  in  the  design  of  Caliber  0.50  ap  m2  bullet,  in 
1943  the  design  of  the  Caliber  0,50  armor  piercing  bullet  was 

'  the  former  /ip  j’l2  bullet  ■‘.vas 


au. 


replaced  by  a  square  cannelure,  axiu  the  formerly  sharp  edge  of 
the  boattail  was  slightly  rounaea,  in  a  new  design,  in  adaition, 
the  weight  of  the  bullet  was  lovverea  by  about  12  grains.  The  re- 
ducticn  inev/eight  was  caused  by  substituting  a  manganese  aioiyabenum 
core  for  the  tungsten  chromium,  core  of  the  former  bullet. 


These  changes  wrere  discovereu  ..accidentally  by  the  Ballistic 
Research  Laboratory  when  it  was  foiuia  that  the  ballistic  coeffi¬ 
cients  of  aP  M2  bullets  from  a  certain  bt.  .bouis  lot  v/ere  1 
lower  than  the  ballistic  coefficients  of  "P  m2  bullets  from  certain 
Franicford  Arsenal  lots  that  haa  been  used  as  stanaards  in  all 
previous  firings. 


REbTiiXCT'DD 


'' oF 'tiiesfe  ciiMgei  wii  €]!«„,, 

dent  Tival  detei-iainea  from  firings  witn' buixets  spedrXly 

fflanufactured  for  -cnis  ^-,’aruOse  by  tne  i'rani'i:fora  J:i.rsenai.  The 
results  of  these  firings#  tarougii  soxenoia  aoixs#  Viei'e  as  foxiowsi. 

Caliber  0.50  M2 


Base 

Caruieiure 

’Ballistic  coef. 

Round 

French  ., 

^  .471 

6  harp 

bq;aare 

•.482 

Sharp 

P'rsnch 

*  49  3 

Round 

j  Square 

.45a 

'Ihe  effect  of  each  change  appears  to  have  been  as  foxiovvsj 

Change  in  sne  baiiistic^ 
coefficient 

Change  froia  French  canneiure  to  Cquare  -  .0x2 

Change  froai  onarp  to  Rounaea  base  -  .023 

Change  in  Vi^eight  -  .0u8 

Total  iiapairment  -  .043 

Tnese  firings  vidth  specially  preparea  bullets  were  valuable 

nrincipaiiy  for  showing  the  relative  importance  of  cnanges  in 
cannelure  and  base.  Ine  total  impairment,  however,  can  best  be , 
founa  from  a  study  of  ail  available  firings  of.  bullets  of  standard 
production. 

From  firings  through  Aberdeen  screens  we  have  the  following 
data®: 


Date  Cr  Cr 

1943  ^  ^ 

May  29  aP  M2  FA  467  .458  oia  type  Tracer  Mi  CL  8O44  .462 

June  8  SL  7776  .425  new  type  ”  ,  .457 

The  difference,  therefoi'e.  between  the  oia  and  the  new  Ap  M2 
was  .028. 


The  average  of  AP  M2  bullets  of  current  production  is 

.458  (solenoia  coils).  effect  of  Aberaeen  screens  on  AP  Pl2 

vsas  found  to  be  .026'.  T‘:  average  of  AP  M2  of  current  pro¬ 
duction,  therefore,  if  f'imM  through  Aberaeen  screens  shouiu  be 
•  458  ~  .026  =  .432.  Tiia  ^flie  of  0^  of  the  new  type  AP.  M2  can 

be  compared  with  the  aveKpg'e  of  tnree  stanaaradots  of  the  oia 

type  of  AP  iM2  which  were  firea  •  through  aberaeen  screeiis': 

Rot  C^ 

'FA  460  .461 

FA  484  .458 

Fa  467  '  .458 

average  -459  .  " 

^E8L  Memo  Report  194, 

“^BEL  Ifeiao  Report  840, 

RF8TK1CTRD 
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Vnitii  agrc^-a  ’Aitii  tne  dii'rerence  fourtu 


I’rou  the  coiiipari- 


ion  of  two  lots. 


can’ ‘w_r.l te ,  tnerelure^  .  r,ae  fciiowing  eclieauie 


of  relative  ii'aportaiice  of-  the  changes  in  tne  .nr'  /il  biiiiet 


Change  in  the  taaiistiG 
coei’i’icieht 


fl eduction  in  weight 
Onangci  froui  French  to  bquare 
cannelure  ‘ 

Change  from  sharp  to  roundea  base 


.  oob 

.007 
.  013 


Total  -  .023 

The  ballistic  coefficient  of  the  oici  type  .tp  M2  bullet^  if 
fired  through  solenoid  coils,  should  have  been* 


C3 


Mew  AP  M2 

.458 

Impairment 

.028 

Old  AP  M2 

.486 

It  wotil.d  have  been  desirable  to  checic  this  result  by  actual 
firings  with  old  style  >-P  M2,  but  none  were  available.  However, 
the  Fran.K:ford  Arsenal  furnished  40^  rounds  of  Caliber  0.50  Tlh9, 
the  predecessor  of,  and  presuxaabiy  iaenticai  with,  AP  M2.  Twenty- 
rounds  of  these  bullets  were  fired  through  solenoid  coils  v/ith  the 
resulting  ballistic  coefficient  ^,0^)  of  .^S?,  which  is  in  excel¬ 
lent  agreement  witn  the  expectea  Value,  ,,486. 

3 .  The  effect  of  bluntness  of  nose  on  the  ballistic  coeffi¬ 
cient.  During  firings  of  buiaets  of  current  i^roduction  it  was 
noticed  that  their  biuntness  of  nose  varieu  over  a  considerable 
range  even  among  bullets  from  the  same  box.  These  variations 
are  iiiustratea  in  the  foliovting  table  which  was  abstractea  from 
one  li'ispection  Gage  Cuboffice  letter  referred  to  above^ 


Caliber  0.50 

Av.  diam. 

Mo.  of 

Dra’wing  spec 

B'ollet 

of  nose 

s.d. 

Bullets 

max,  diam. 

AP  M2  ■ 

.135" 

,005" 

40 

.120" 

Tracer  Ml 

.140 

.008 

40 

.120 

Incendiary  Ml 

.135 

.009 

39 

.130 

Ball  M2 

.130 

.005 

39 

.120 

It  is  to  be  noted  that  for  all  four  types  of  bullets  the  measured 
average  diaraeter  exceeds  the  values  specified  in  the  drawings. 

To  find  the  effect  of  bluntness  of  nose  on  ballistic  coeffi¬ 
cient,  special  range  firings' were  conducted  with  Caliber  0.50  and 
Ccillber  0,30  armor  piercing  bullets,. 


Rii;bTKlCT.L.D 
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a.  Caliber  0.50 


Range  firings  viere  condxicted  through  soienola  coii.i;-at  a 
target  at  600  yards  vjith  Caliber  0.50  AP  M3  bullets^  j.ot  Fa716. 
Four  groups  of  bullets  v/ith  different  nose  diameters  tere  pre¬ 
pared  and  fired  -vvith  the  follOY^ing  results: 


Group 

No,  of  rds. 

A.V.  nose 
diameter 

s 

I 

8 

.12" 

.4.47  i;  . 

005  s.d. 

II 

10 

2 

III 

7 

1 

.21 

.339 

4  , 

IV 

3 

.24 

.291  _ 

9\ 

These  results  are  represented 

graphically 

in  Pig. 

1.  From  the 

graph  the  effect 

of  bluntness 

of  nose  on 

ballistic 

coefficient 

for  the  range  of  values  which  are  likely  to  be  encomtered  in 
practice,  is  as  follows: 


Diameter 

s 

.  11" 

.451 

.12 

.448 

.13 

■  .443 

.14 

.43s 

.15 

.430 

.16 

.422 

The  average  ballistic  coefficient  of  ap  M2  bullet  of  lot 
FA 716  is  .451.  The  average  nose  diameter,  as  measured  on  20 
bullets,  is  .131"  and  the  standard  deviation  is  .007".  From  the 
above  table  this  bullet  with  a  flat  nose  of  .13"  diameter  has  a 
ballistic  coefficient  of  only  .443.  The  difference  between  .45I 
and  .443j  or  about  .3^,  is  due,  apparently,  to  tne  effect  of 
rounded  tip  on  the  bullet's  nose.  Unfortunately,  this  rounded 
tip  is  usually  damaged  by  tne  current  practice  of  inserting  a 
bullet  into  a  cartridge  by  applying  pressure  on  its  nose. 

For  aircraft  gunfire',  various  types  of  bullets  are  matched 
in  time  of  flight.  Impairment  of  the  ballistic  coefficient  of 
the  bullet  increases  the, time  of  flight  aim  thus  affects  the 
match.  For  t'he  Caliber  0.50  armor  piercing  bullet  M2,  and 
probably  also  for  other  Caliber  O.5O  bullets,  a  nose  aiameter 
exceeaing  its  maximum  specification  value  of  .12"  by  about  .02" 
could  still  be  tolerated.  Larger  diameters  would  seriously  af¬ 
fect  the  match  ajuong  various  bullets.  Tnis  is  liiustratea  in 
the  following  table.  The  time  delay,  or  the  difference  in  time 
of  flight  between  bullet  with  d  =  .11"  and  bullet  of  larger  nose 
diameter .was  computed  for  forward  fire,  true  air  speed  300  mi/hr, 
sea  level,  1000  yards  future  range.  The  table  also  gives  tne 
increase  in  tne  lateral  deflection  of  the  bullet,  in  mils,  at 
600  yards,  plane  speed  300  mi/hr,  at  sea  level,  and  at  .16,000  ■ 
feet  altitude.  „ 
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REbTRICTED 


d  Cc  '“Piffle  delay  at  locreased  aefieetlM'  St"  6b6’  yds 

^  lOGO  yus,  sea  level  sea  level  i6,G0G  jtsefc 


.11" 

.451 

.000  seconas 

,0  mils 

.0  mils 

1  o 

a 

.443 

.005 

.2  ■ 

,1 

0  T  ' 

.  443 

.015 

.  6 

.2 

.438 

.024 

1.0 

•  5 

.15 

.430  ■' 

.  041 

1.6 

.8 

.16 

.422 

,  .059 

2.2 

1.2 

b.'  Caliber  0.30  AP  M2  '  ’ 

Range  firings  wei’e  conauctea  througn  solenoin.  coils  ,at  a  target 
at  '600  yards  with  Caliber '0/30  iF''M2,"‘ lot  i''A355,  Different  nose 
diameters  v/efe  obtained  by  filing  the  bullet's  nose.  The  results 
are  represented  graphically  in  Fig.  2.  From  the  graph  the-’effect 
on  the  ballistic  coefficient  of  the  bluntness  of  the  bullet's 
nose,  for  the  range  of  x'alues  of  the  diameters  which  are  likely 
to  be  encountered  in  practice,  are  given  belvw; 


d 

06" 

■ 

0?.  V 

.253 

oa 

.246 

09 

.238 

10 

.229 

For  aircraft  fire  the  increase  in  time  of  flight  to  600  yards, 
forward  fire,  true  air  speed  300  mi/hr,  sea  level,  and  the  in¬ 
crease  in  the  lateral  deflection  in  sidewise  fire  at  sea  level, 
and  at  16,000  feet  altitude  for  bullets  with  nose  diameter  larger 
than  .06"  are  given  belovir; 


d 

C.  . 

Increase  in 

time  of  flight 

Increase  in  deflection 

2 

to  600  yds. 

sea  level 

at  300  yds 

sea  level  16,000  feet 

.06" 

V  .259 

•  . 

■  .‘JUU  s 

S8OOUCI3 

•  0  iul.lS 

.0  mils 

.07 

.253 

.013 

.6 

,4 

.08 

.  246 

.030 

1.4 

.8 

.09 

.238 

.050 

2.3 

1.3 

.10 

,229 

.077 

•  •  • 

3.4 

1.9 

It  appears,  therefore,  that  a  nose  diameter  of  Caliber  0.30 
AP  M2  btillets  and  probably  of  other  Caliber  0.30  bullets,  ex¬ 
ceeding  its,  specification  limit  of  .06"  by  ^01",  or  at  most  by 
.02",  could  still  be  tolerated.  Larger  diameters  would  seriously 
affect  the  matching  among  various  bullets.. 
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REOTRiCTED 


foft  Of otia^ice 
,ncenclis.ry  iHl 
based  buliets 


has  man’ai'actured  square'^ babea  Caliber  C.50 
,  The  average  ballistic  coefficient  of  squai-e 
from  four  lots  was  found  to  be  o5&  (Table  i)  , 


Two  more  recent  lots  of  Remington  incenaiaries  Ml  are  boat- 
t'’iled  with  an  average  ballistic  coefficient  of  ,4,06,  /ill 
b\illets  are  of  the  same  weight.  Thus  the  change  from  a  square 


base  to  the  boattail  has  inci-easea  the  oailistic  cocifiicient 


of  Incendiar'y  Ml  by  about 


5 .  The  effect  of  tracer  functioning  on  the  ballistic  coeffi¬ 
cient.  Caliber  0.50  Tracer  Mi  bullets  are  square-basec  pro- 
lectiies.  Inferred  from  the  ballistic  coefficient  of  tne  square 
based  incendiary  Mi  (619(.  grains;)^  the  ballistic  coefficient  of 
non-functioning  tracer  grains)  should  be  .368.  However, 

the  ballistic  coefficient  of  a  functioning  tracer  rs  .44.6  (Table 
I)  .  Thus  the  effect  on  the  ballistic  coefficient  of  Caliber  0.50 
Tracer  Ml  with  a  functioning  tracer  is  to  increase  the  ballistic 
coefficient  of  an  otherwise  rather  poor  bullet  by  about  21>e. 


Certain  experimental  Caliber  0,50  bullet  ha.s  a  boattail  and 
a  tracer.  Its  ballistic  coefficient  is  .441,  ana  its  weight  is 
613  grains.  Without  the  functioning  tracer  its  ballistic  coeffi¬ 
cient  should  be  .406  instead  of  .441>  oh  an  increase  of  about 


For  Caliber  0.30  Tracer  Ml  bullet  the  increase  in  the  ballis¬ 
tic  coefficient  because  of  a  functioning  tracer  is  even  greater. 
The  contours  of  Caliber  0.30  Tracer  Ml  and  aP  M2  bullets  are 
very  similar.  Their  ballistic  coefficients  and  weights  areJ 


Caliber  0,30 

C. 

p 

Weight 

,  aP  M2 

.256 

165  grains 

Tracer  Ml 

.301 

142 

Thus  at  142  grains  the  ballistic  coefficient  of  a  non-fxanctioning 

tracer  bxiLlet  should  have  been  .256  x  =  .220,  whereas  the 

ballistic  coefficient  of  a  functioning  tracer  is  .301,  or  an 
increase  of  37^. 


The  20mm  pro;jectile  AP  I9E5  with  the  tracer  .•'.s  its  baliistic 
coefficient  increased  due  to  a  functioning  tracar  only  by  about 
Jfo.  The  aata  are: 


20mm  AP  I9F5  with  tracer 
AP  T945.  with  inerted 
tracer 


O5  Weight 
.413  2000  grains 

,401  2000 


RESTfiXCTHP 


It  has  bseh  foima  that 


the  effect  oi‘'hurhing 


ballistics  of  the  bullet  can  be  apji;roxiiaately 
an  empirical  lormilLa 


V,--,  .  A.V  f-y  y«"f i*-JLU 

tracer  du~ 


mwff 


represented  by 


where  C  and  C*  are  the  ballistic  coefficients  of  functioning' 
and  non-ftmetioning  tracer  respectivelyj  d  is  txie  diameter  of 
tracer  hole,  D  is  the  diameter  of  the  projectile,  ana  k  is  a 
constant.  If  D  is  expressed  in  inches,  and  the  ballistic  coef¬ 
ficient  is  referred  to  the  type  5  drag  function,  or  the  3/2  power 
lav;,  the  constant  k,  adjusted  to  represent'  the  observations,  is 
found  to  be  0.102.  Thus  the  effect  on  the  ballistic  coefficient 
of  tracer  functioning  is 


0.102C«^i 


The  follov;ing  table  illustrates  the  application  of  this 
formula  to  the  tracer  bullets  discussed  above: 


C 

Projectiles  ..,,5 

Caliber  0.30  Tracer  "Ml ,  .220 

0,50  Tracer  Ml  ■  .368 

G.50  Experimental  .406 
20mm  AP  19^5  .4OI 


d  .  D  comp.  obs. 


17" 

.30^'.' 

.302 

.301 

36 

.50 

.449 

.446 

22 

.50 

.  >44^ 

•  441 

30 

.79 

.  ^■C4 

.413 

In  spite  of  excellent  agreement  betv/een  observea  and  computed 
ballistic  coefficients  the  above  formula  should  only  be  used  to 
obtain  qualitative  estimate  of  the  increase  in  the  ballistic 
coefficient  due  to  a  functioning  tracer  ana  not  as  a  substitute 
to  actual  firings. 

G .  The  effect  on  the  ballistic  coefficient  C ^  of 
various  errors  in  the  instrumentation.  ^ 

As  was  previously  mentioned,  equation  (1)  ,  part  a,  which  is 
used  for  the  computation  of  ballistic  coefficients  from  range 
firing  data,  contains  two  approximations:  the  average  velocity 
between  coils  is  assumed  to  be  equal  to  the  instantaneous  velocity 
at  mid-point,  and  the  time  of  flight  of  the  bullet  from  first  coil 
to  mid-point  is  taken  as  equal  to  on^-.-aif  of  the  time  of  flight 
between  coils.  .It  has  been  shown,  the.,  the  effect  of  these  ap¬ 
proximations  on  the  ballistic  coefficient,  v;hen  the  separation 
of  the  coils  is  100  feet  ana  a  target  screen  is  at  600  yards, 

(our  usual  arrangement)  is  negligibly  small. 
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1'.  teqtiafcion  (1)  ,  however,  can  be  rev/rltten  in  n  iorin  wnioh. 
avoid*  both  of  toe  above  apiyroxiraatj-oxiS .  net  and  be  the 

distances,  in  units  of  1000  i'set-,  betweexi  toe  first  axxa  second 
coils,  ana  between  the  secona  coil  etna  a  target  respectively; 
let  t2_;-  ana  t2  bs  tne  corresponding  cliues  of  flight,  i^et  ft  =  ■ 

x-j  +  Xg  be  the  range,  ana  t  =  ti  +  t2.  Oe  may  consiQ.er  two  - 


cases  depending  upon  the  ixature  of  the  ho  ox- up  of  toe  tixiiig 
devices;  a)  if  we  recxoxi  coils  froia  the  uiuzsle  as  1,  2,  and  3 
(target)  then  the  first  electronic  couxiter  nay  be  corcxectea  to 
coils  1  ana  2,  and  the  second  counter  to  1  and  3;  in  another 
case  b)  the  connection  vxould  be  1  -  2,  2  ~  3.  -as  rewritten, 
equation  (1)  assumes. the  following  forms: 


■  Case  a) 


Xj_t  - 


Case  b) 


=!  .059pR' 


^1^2  ”  ^2^1 


Th’e  two  equations  are  identical  but  each  is  expressea  in  terras  - 
-of  quantities  directly  measured  curing  firings,  fo  correct  for 
wind  one  replaces  H  by  R-wt,  x^^  by  Xj^-wt^^,  and  x^  by  X2-vxt2  where 

w,  the  tail  v/ind,  is  in  units  of  1000  f/s. 

2.  Errors  in  arising  from  errors  in  x  and  n.  i'ja©  foiiovx- 

ing  errors  vxere  computea  for  a  caliber  0,30  bullet  with  a  ballistic 
coefficient  .4-50  and  a  velocity  at  the  first  coil  of  2800  f/s.  h  / 
The  instrumentation  corresponas  to  case  (a)  above.  -  ' 

fable  IV 

.  .  Error  in  due  to  errors  in  x,  and  H 
distance  between  Error  in  the  ballistic  coefficient 


coils  X 

due  to  a 

one-inch 

due  to  a 

oxie-foot 

error 

in  X 

error 

in  R 

Range 

.600  yds 

300  yas 

600  yas 

300  yds 

.05  . 

-.0031 

-.0109 

+,0018 

+.0075 

.1’  ■■  ■  ' 

.0026 

.0058 

.  0019 

.0079 

.2 

,0014 

.0033 

.0020 

.0090 

.4 

,0008. 

.0023 

.0022 

.0126 

,6 

,  0006 

,0026 

.U026 

.0208 

,8 

,00056 

,  -.0058 

.0031 

+ .0617 

,.o 

-.00056 

■  . 

+.0038 

,  REbTRICIED 


Table  IV  shov/s  the  aobur-acy  v/±tla  which  x  and  K  should  be 
raeasiired  to  attain  a  aesired  accuracy  in  the  ballistic  coefll- 

cleat. 


3 •  Error  in  Cg  due,  to  an  erroneous  value  oi'  the  v< 

error  in  uieasux-ing  the  wind  causes  an  error  in  of 

v/iigre  tw  ~  Vs'(true}«“  vi'(ooserveQ./' is  in  nxies  ser  iiour*  i 
ia  C  due  to  an  ei^ror  ixi  measuring  the  wind  is  very  .near 
pendent  of  wind-velocity,  range  ana  coil  separation. 


ind 

000 


W  n- 


,  tf  ■ itil 

6ovu 

error 

i^L,  1 1  si* 


The  effect  of  timing  errors  on  the  ballistic .poeffi- 
. dent,  Since  electronic  counters  were  installed  at  the  oiaall 
arms  range  at  Michaelsvilie,  they  are  being  usea  eX'Siusivoly  in 
connection  ’with  range  firings  for  determination  of  ballistic 
coefficients  of  small  arms  bullets.  At  the  begimiing  of  each 
firing  program,  it  is  our  practice  to  checic  the  two  comiters 
against  each  other.  This  is  done  by  measuriiig  tne  time  of  flight 
of  the  same  bullet  on  both  counters  sini-aitaneousiy .  b.mall  system¬ 
atic  differences  between  readings  of  the  tv/o  coun'^  ■'rs  occasionally 
ippear.  These  differences  increase  with  tne  rang  ma  the  length 


of 


the  measurea  time  jnterval,  and  probably  are  au  in  part  at 


least  to  slight  differences  in  the  frequencies  of  the  t’wo  counters 
At  600  yards  range  taese  discrepancies  seldom  exceed  .03  miiii- 
seconas.  It  is  believed,  that  barring  gross  malfunctioning  of  the 
counters, -  which  can  be  easily  detectea,  tne  systematic  and  random 
errors, of  the  counters  themselves  are  probably  small. 


However,  in  range  firings,  counters  are  comiectea  to  some 
sort  of  piclt^up  aevices.  Errors,  which  are  m.uch  larger  than  the 
intrinsic  srrors  of  counters  themselves,  are  Known  to  occur  in 
Such  counter  pick-up  systems.  An  example  of  such  an  error  is  the 
time  lag  between  the  instant  the  bullet  passes  through  the  sole¬ 
noid  coil  and  counter  response.  Combination  of  different  types 
of  pick-up  devices,  such  as  solenoia  coils  and  wire  mesh  target 
screens,  for  which  time  lags  are  different,  introauce  errors 
into  the  measured  time  intervals  which,  in  certain  circumstances, 
may  become  very  serious. 


The  following  results  were  obtainea  in  measuring  the  differ¬ 
ential  time  lag  between  solenoid  coils  and  the  target  screen. 

The  coils  were  18  inches  in  diameter  with  24O  turns  of  wire.  The 
target  consisted  of  two  fine  wire  mesh  screens  mounted  on  a 
’wooden  frame  and  separated  from  each  other  by  strips  of  I/4  inch 
ply  wood. 


Differential  time  lag 
coil-target  screen 

miiiiseconas  Distance  l;,st 


Caliber  0.50 

Mo.  rds. 

mean 

•s.d. 

coil  - 

»  target 

AP  M2 

5 

.164 

.015 

150 

feet 

'API  M8 

■4 

/.n«; 

.005 

110 

Trace,r  MIO 

4 

.468 

.  010 

110 

The  standard 


ri  cs'iri  *5  i  f? 


that  of  a  single  round. 


^ Mi’f'dreac'fes 

different  buiiets  aj.’e  real  is  xiot  iinown.  Ifte  first  difference, 
for  M2,  wus  ciet8rai.Lnea  xn  October  i943,  tne  otner  two  in 


June  i944. 
noid.  coils. 


;iius  the  tines  oj 


hit  oi  aii  firixii 


using  sole- 


preceaii 


.I  'i  isilliseconas 
lag  is 

GOO  XOVi 
Gvioon  & 


trie  Jiuie  1944  iii’ings jwere  correctea  by 


.d,O\V6V  0P  ^ 


^  i  ^  ai 

l^i  ill.  X  i -1  oia  e  0  O  nci  ,  Clial.  J-  0 -i.  iXCi.  bci.Ja.»aa 

by  .001,  vvnich,  is  not  serious, 
coil  and  a  target  screen  is 


increasing  number  of  turns  of  wire  in  the  coil. 


Vd.ir'u.s  Oi  bii0  o.J,x  i 

M  G  ii>  04  0  O  ^  di  J.  4-.  O  .J..  O  li  ^  ^  d«  O 

<1  i  W  G.  «i*  at  -i  G  1  ^  X  4  Li 

icnovvx'i  to  i.ncX'oai>-B  v.-itxx  ari 

Thus  for 


coil 


with  500  turns,  the  cilff erential  xag  between  the  coil  ana  tne  same 
wire  mesh  target  as  above  is  about  .8  milliseconas .  It  apuears. 
advantageous,  therefore,  to  use  coils  v/ith  as  few  turns  of  wire 
as  is  practicable. 


The  effect  of  timing  errors  on  the  ballistic  coefficient  of 
a  Caliber  0.50  bullet.,  whose  ballistic  coefficient  is  ,450  ana 
whose  velocity  at  the  first  coil  is  2800  f/s,  nas  been  computed, 
with  various  coils  separations,  for  the  hook- up  ari'ange..’.ohfc,  of  case 
(a)  and  case  (b)  .  lor  case  (a)  ,  let  ot^  and  6t  be  the  errors,  in 

milliseconds,  of  coionters  connected  to  coils  1-2,  and  1-3  (target) 
respectively.  For  case  (b) ,  let  bt^  and  bt2  be  the  errors,  in 

milliseconds,  for  the  counters  1-2,  and  2-3  respectively.  The 
effects  of  these  errors  are  given  in  Table  V. 

•  Table  V 

Error  in  the  ballistic  coefficient  0^  of  a  Caliber  0.50  bullet 


due  to  timing  errors. 

f 

Case 

(a):  hooic  up  1 

-2,  1-3. 

Distance 

Range 

600  yards 

Range 

300  yards 

between 

be. 

60^^ 

60, 

coils 

U-”» 

JL 

“X. 

.05  + 

.169561-, 

.00386t 

+  .362261. 

-  .oiaibt 

.1 

.0866  ^ 

.0039 

.1909 

.0192 

.2 

.0453 

.0041 

.1074 

.0219 

.  4  • 

.0251 

.0046 

.0728 

.0304 

.  6 

.0189 

.0054 

.0780 

.0502 

.8 

,0164 

.0064 

+'  .1700 

—  .1494 

1.0 

.0159 

.0079 

1.2  + 

.0171  ■  - 

.0105 

Cass 

(b) ;  hook  up  1- 

■2,  2-3 

8n , 

bc 

^2 

60., 

t^ 

60. 

.05  + 

.165861-, 

,0038612 

+  .344161-, 

-  .018161. 

.1 

.0827 

.0039 

.1717 

.0192  ‘ 

0 

.0412 

.0041 

.0855 

,0219 

.4 

.  0204 

.0046 

,0424 

.0304 

9  6 

,0135 

.0054 

.  0230 

.0502 

.8 

.0100 

,0064 

+  .0209 

-  ,1494 

1  0 

•dt'  e 

.0080 

.0079 

1.2  + 

.OOoo 

.  OIO5 
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Is  least  whdh  the  piclc^up  '  “’Mbre^ 

over,  the  hook-up  corresponding  to  case  (b)  is  more  advantageous 

than  that  of  case  (.a)  ,  . 


Table  V  that  if  relative  to 

separation  is  small,  the  more  accurate 
be  connected  to  tne  circuit  1-2^  The  1 
far  as  the  timing  errors  are  concerned. 

Viith  equally  spaced  coils  are  as  accurs 
with  coils  separated  by  100  feet.  The  values  in  tne  table  should 
be  nearly  correct  for  all  types  of  Caliber  0.50  bullets. 
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r-an 

£6? 

C* 

o 

o 

iis* 

of 

tix8 

two 

r  s  s 

lioui-l 

...  1 

U.  .  . .  .  4- 

•-  t" 

'  isAi 

w'U 

OilOV'yb 

lici  Lt 

d-tO:- 

X  X. 

X'XX'iP.^ 

ib  Ci. 

t  300  y 

aras 

-1- 

.  t/d 

as  i 

iri 

ng  c  at 

a  cajT'  O.S 

5 »  Srror  in  Cg  due  to  error  in_  the  _  rei_ap_iye._._a.ir_d£n£ 

The  ballistic  coefficient  is  dlrect-ly  proportional  to  tne  rela¬ 
tive  air  density.  Thus  the  error  in  C  is 

6C  =  C  where  &p  is  the  error  in  the  reia- 

tive  air  density,  nir  density  depends  on  baromeLric  pressure, 
air  temperature,  and  to  some  extent  on  relative  humiaity.  Whereas 
the  barometric  pressure  is  essentially  constant  over  any  Sjasii 
area  of  level  ground,  the  tempera tu’-e  may  vary  over  a  consaaerable 
range  depending  upon  local  coxiditions.  Thus  on  the  Proving  ur«ound 
the  meteorological  station  is  located  near  the  bay,  whereas  the 
Michaelsville  firing  range  is  some  4  miles  inland.  Differences  of 
surface  air  temperature  as  large  as  10®  F  nave  occasionally  been 
observed  between  these  two  stations.  It  is  important,  therefore, 
to  observe  the  surface  air  temperature  at  the  firing  range  in 
order  to  avoid  a  possible  air-density  error  in  the  ballistic  coef¬ 
ficient. 


6,  Effect  of  Yaw  on  the  ballistic  coefficient  C^.  For  yaw- 
- -  -  -  ^ 

ing  bullets  the  air  resistance  is  greater  than  for  non-yawing, 
bxillets,  and  hence  the  time  of  flight  to  a  given  range  is  corres¬ 
pondingly  greater,  oi.  ce  in  range  firings  the  ballistic  coeffi¬ 
cient  of  the  b-ullet  inferred  from  its  time  of  flight  together 
writh  its  initial  velocity,  a  longer  time  of  flight  will  lead  to 
a  lower  ballistic  coefficient. 


The  effect  of  yav/  on  the  ballistic  coefficient  inferred 
from  time  of  flight  firings  can  be  computed  by  the  formulae  con- 
tameo.  m  Snl.  Report  345  •  li  the  first  maximum  yaw  is  o^,  and  the 

first  minimum  is  zero  at  the  muzzle,  then  tne  effect  of  yaw  on  the 
ballistic  coefficient  of  Caliber  0.50  bullet  as  inferred  from 
range  firings  at -300  yards  and  600  yards  is  as  follows: 


m 

0 

2 

4 

6 

8 

10 


The 

n 

wo 

300  yards 


effect  of  yaw  on  C^ 
liber  0.50  bullet 

600  yards 


450 

,450 

448 

hhl 

«  446 

431 

417 

■^433 

3 

BsautKjW''yet¥i?*  '(Sf'  C&^^ibTgr  ‘  0. 5'0 

froiS  the  muzzled  But  it  is  best  locaoea  bj>  locating  tfe  pBMtibn 
of  the  ..secona  minxinm.  Our  practice  is  to  place  four  sheets'  of 


photographic  papery,  which  is  the  bes 
01  sitalx  urHis  oullotSjj  two  lect 
feet  from  the  iuuisie  resoectivaJ 


vaviS 

If 

Ones  iii. c' ct w nx' 0 .-ii  t*iis  iuci.iox 


■,.i  Cl  !-^  0  X'  X  o  X'  ill  0  ci  ^  nx*  j 

xV 


Hli  0'XXXpt^XC^i  pOI'XOX* 


i.-x 

U  cl  ii  ii  X  XiX0 


.  C” iw«- nx 0 n  0  'X  ^  ihV'ihhiiri,  on-i«X5i‘  w*  ciinx  sj^o 


f.'.-l  P  h'.;-;  ■f"’ 


Xii6  xiiiix.xiim 


can  oe 


HGGi.iX*ci c^Xy  xocaXsc  by  bhxs  xoii^n  iiiGbnou^  ina  x^lX'xc  .iiaXi-XihUiu  t-nen 
is  half-way  betv/een  this  point  ana  trie  aiuizle. 

Ihe  average  maxiiaua  yav/s  which  were  observeu  for  Cal.  0.50 
aP  M2,  and  apl  PIS  bullets  were  of  the  oruer  of  5-4  degrees. 

The  effect  of  this  yavr  on  the  ballistic  coefficient  at  range  fir¬ 
ings  at  600  yards  is  less  than  one  percent}  hence  it  was  not 
.  correcteo,  for. 


To  maice  the  first  maximum  yaw  as  small  as  possible  it  is 
important  that  firings  be  conducted  in  new  or  only  slightly  worn 
barrels. 
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